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Abstract
We examined urban-rural differences in educational inequalities in mortality in the Baltic countries (Estonia, Latvia,
Lithuania) and Finland in the context of macroeconomic changes. Educational inequalities among 30–74 year olds
were examined in 2000–2003, 2004–2007, 2008–2011 and 2012–2015 using census-linked longitudinal mortality
data. We estimated age-standardized mortality rates and the relative and slope index of inequality. Overall mortality
rates were larger in rural areas except among Finnish women. Relative educational inequalities in mortality were
often larger in urban areas among men but in rural areas among women. Absolute inequalities were mostly larger
in rural areas excepting Finnish men. Between 2000–2003 and 2012–2015 relative inequalities increased in most
countries while absolute inequalities decreased except in Lithuania. In the Baltic countries the changes in both
relative and absolute inequalities tended to be more favorable in urban areas; in Finland they were more favorable
in rural areas. The overall pattern changed during the reccessionary period from 2004–2007 to 2008–2011 when
relative inequalities often diminished or the increase slowed, while the decrease in absolute inequalities accelerated
with larger improvements observed in urban areas. Despite substantial progress in reducing overall mortality rates
in both urban and rural areas in all countries, low educated men and women in rural areas in the Baltic countries
are becoming increasingly disadvantaged in terms of mortality reduction.
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Introduction
Educational inequalities in mortality persist in Europe al-
though in most countries mortality rates have also de-
clined rapidly among the low educated [1]. Despite
extensive research on educational inequalities in mortal-
ity, very little is known about how these inequalities dif-
fer between urban and rural residents within countries.
An urban-rural mortality gap has developed in many
countries over recent decades, mostly because of larger
mortality reductions in urban areas [2]. Socioeconomic
deprivation, more limited access to health care and un-
healthy lifestyles have been related to the rural mortality
disadvantage [2]. Social determinants of health are
linked to wider macrolevel processes [3] that may affect
urban and rural areas differently. Strong economic
growth in Europe between 2000 and 2008 was more pro-
nounced in urban areas with capital metro regions ex-
periencing the highest per capita GDP growth rates.
However, these same areas were also most negatively af-
fected by the recession after 2008 and experienced
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sharper contractions in employment [4]. Some earlier
studies found that overall mortality increases when the
economy is expanding and falls during recessions, how-
ever, there is also some evidence that this pro-cyclical
association may be related to urban areas only [5].
The impact of economic fluctuations on educational
inequalities in mortality in urban and rural areas has not
yet been studied. We aimed to examine urban-rural dif-
ferences in educational inequalities in mortality in the
Baltic countries – Estonia, Latvia and Lithuania in rela-
tion to large-scale macroeconomic changes between
2000 and 2015, while using neighboring Finland, a
wealthier Nordic welfare state as a point of reference.
The Baltic countries experienced rapid economic growth
and low unemployment until 2008 and a deep recession
with unemployment tripling afterwards; in Finland, the
changes were less extreme (Supplementary Fig. 1).
Methods
Data for Estonia, Latvia and Lithuania come from longi-
tudinal mortality follow-up studies of population cen-
suses in 2000/01 and 2011 where all permanent
residents who participated in the census were followed
from the census date until the date of death or emigra-
tion, or until the end of the follow-up period i.e. either
31.12.2011 (for the 2000/01 census) or 31.12.2015 (2011
census). The censuses in the Baltic countries combined
traditional survey-based enumeration and register-based
enumeration. The share of the population covered when
using only survey-based enumeration varied from 91% in
Latvia to 98% in Estonia [6]. The register-based data did
not contain information about educational level and
were thus excluded from the analysis. A sensitivity ana-
lysis performed for Latvia showed that by excluding
register-based records we slightly underestimated overall
mortality but that the effect on changes between the pe-
riods was minimal (Supplementary Table 1). Death data
were linked from national mortality registries with 95–
98% of deaths being successfully matched to census re-
cords. All data linkages were performed by National
Statistical Offices. Data for Finland were obtained from
the longitudinal register-based population data file of
Statistics Finland covering the permanently resident total
population. Data were organized into four sub-periods
representing moderate economic growth (2000–2003),
economic expansion (2004–2007), recession (2008–
2011), and economic stabilization (2012–2015). Sociode-
mographic characteristics are census based and were
coded using a common study protocol. Urban-rural resi-
dence was defined using national administrative classifi-
cations. In the Baltic countries, settlements with more
than 2000 inhabitants (3000 in Lithuania) are considered
urban. In Finland, an urban settlement is defined as a
cluster of dwellings with at least 200 inhabitants per
250 × 250 square meters. Educational level was catego-
rized as low, referring to the International Standard
Classification of Education 2011 categories 0–2, middle
(3–4), and high (5–8). Less than 1% of the values were
missing for education and these cases were additionally
omitted from the analyses. The analysis was restricted to
the 30–74 age group to ensure that the full educational
history of the subjects was covered.
Age-standardized mortality rates (ASMRs) per 100,000
person years were calculated using 5-year age groups
and the 1976 European Standard Population. Educa-
tional inequalities in mortality were assessed using the
relative index of inequality (RII) and the slope index of
inequality (SII) [7]. The RII is a regression-based meas-
ure that adjusts the relative position of each educational
group to its share in the population thus taking into ac-
count differences in the educational distribution between
populations and between urban and rural areas. The SII
measures absolute mortality rate differences between the
lowest and highest end of the educational hierarchy. The
SIIs were calculated from the RIIs and overall ASMRs
using the formula SII = 2*ASMR*(RII - 1)/(RII + 1) [8].
Statistical analyses were performed using SPSS Statis-
tics for Windows, version 26.0 (IBM Corp. 2019) and
STATA 14.2 (Stata Corp., College Station, Texas, USA).
Results
This study included approximately 889,000 deaths and
104 million person years. The percentage of low edu-
cated was larger in rural areas in all countries but the
differences were less marked in Finland where the size
of the urban population was also larger (Supplementary
Table 2).
The ASMRs were higher in rural areas in all countries
except for women in Finland where they were about the
same as in urban areas (Tables 1 and 2). Between 2000–
2003 and 2012–2015, the ASMRs decreased in all coun-
tries with a slightly larger decline observed in urban
areas, excepting Latvian men and Finnish women where
ASMRs declined somewhat more in rural areas. Al-
though the ASMRs mostly decreased or remained the
same between 2000–2003 and 2004–2007, they grew
sharply in Lithuania with a larger increase occurring in
rural areas. From 2004–2007 to 2008–2011, the ASMR
decline accelerated in nearly all countries and was larger
in urban areas. From 2008–2011 to 2012–2015 the
ASMRs continued to fall with a larger decline seen more
often in rural areas.
In all settings, higher educated men and women had
lower mortality compared to the lower educated (Tables
1 and 2). Among men the RIIs were larger in urban
areas except in Estonia in 2008–2015 and in Lithuania
in 2008–2011. Among women the RIIs were larger in
rural areas except in Finland in 2008–2015, in Estonia in
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2000–2003 and Latvia in 2000–2007. Between 2000–
2003 and 2012–2015 the RIIs increased in most coun-
tries in both urban and rural areas excepting rural men
in Finland and urban women in Estonia. The overall RII
increase was particularly large in Latvia and Lithuania
(especially in rural areas) but was also substantial among
rural men and women in Estonia and among urban
women in Finland.
Between 2000–2003 and 2004–2007, in the Baltic
countries, the RIIs increased more/decreased less in
rural areas except among Latvian men. In Finland the
RII increase was larger in urban areas. From 2004–2007
to 2008–2011 the RIIs increase slowed or the RIIs de-
creased except among women in Latvia and among rural
men in Lithuania and Finland; the change was generally
more favorable in urban areas. In most countries, except
among rural men in Finland and Lithuania and among
rural women in Latvia, the largest RII increase occurred
between 2008–2011 and 2012–2015; the RII increase
was larger in urban areas except among men in Latvia
and among women in Estonia and Lithuania where it
was larger in rural areas.
The SIIs were larger in rural areas except among
Finnish men and women (in 2008–2015 only). From
2000–2003 to 2012–2015 the SIIs generally decreased,
or remained about the same in most countries except in
Lithuania where they increased. In Estonia and Latvia
(women only) the overall SII decline was larger in urban
areas; in Lithuania the SII increase was larger in rural
areas. In Finland, a larger decrease was observed in rural
areas. In nearly all countries the SII decline accelerated
between 2004–2007 and 2008–2011, especially in urban
areas.
Discussion
Socioeconomic factors often undepin educational as well
as urban-rural differences in mortality [3] and they may
act to amplify each other. In accordance with previous re-
search [2], the overall mortality rates were larger in rural
areas except among Finnish women. Differences between
urban and rural areas in the educational distribution and
socioeconomic deprivation i.e. unemployment, poverty
and social exclusion [9] may possibly explain part of the
urban-rural mortality gap. The risk of impoverishment
and becoming unemployed is closely connected to macro-
economic changes. In the Baltic countries, the economic
consequences of the recession were more pronounced in
the cities where the unemployment rate increased by four
times [9]. In Finland, the economic consequences were
smaller and did not differ substantially between urban and
rural areas. Overall mortality rates were responsive to
macroeconomic changes; between 2004–2007 and 2008–
2011 the mortality decline accelerated in all countries in
line with a pro-cyclical mortality pattern. The mortality
decline during the recession was somewhat larger in urban
areas, thus supporting the findings of an earlier study [5].
Large educational inequalities in mortality were found
in both urban and rural areas. Among men the relative
inequalities were often larger in urban areas but among
women they were larger in rural areas. Although educa-
tional inequalities in mortality can reflect differences in
employment opportunities and poverty risk as well as in
healthcare access and health behaviors [3] in both urban
and rural areas, we can only speculate why inequalities
in mortality were larger among urban men but also
among rural women. Differences in the diffusion of the
tobacco epidemic might help explain this urban-rural
gender gap particularly in the Baltic countries. Namely,
earlier research from Estonia showed that the reversal of
the educational gradient in smoking was considerably
delayed among women compared with men. Women in
urban areas were also more likely to have ever initiated
smoking compared to women in rural areas [10], which
may have contributed to compressing inequalities in
mortality among urban women.
Between 2000–2003 and 2012–2015 relative inequal-
ities in mortality increased in nearly all countries while
absolute inequalities mostly decreased. However, during
the recession, relative inequalities in mortality decreased
or the earlier increase slowed while the decrease in abso-
lute inequalities accelerated. These results accord with
an earlier study from Spain showing that all-cause mor-
tality decreased more during the recession, especially in
socioeconomically disadvantaged groups [11]. The larger
contraction of the economy in urban regions during the
recession [9] might therefore explain the larger urban re-
duction in educational inequalities in mortality. Al-
though relative inequalities in mortality increased in
nearly all settings during the economic stabilization
period, the overall changes in both relative and absolute
inequalities between 2000–2003 and 2012–2015 tended
to be more favorable in urban areas in the Baltic coun-
tries but in rural areas in Finland.
This study had some limitations. Although our sensi-
tivity analysis for Latvia showed that excluding register-
based data from the analysis had only a minimal effect
on overall mortality changes, we cannot exclude the pos-
sibility that the effect differed by educational level or
urban-rural residence. Also, the different definition of
urban-rural residence used in Finland may have had
some impact on comparisons with the Baltic countries.
However, these possible biases are unlikely to have had
any major effect on our main conclusions relating to
urban-rural differences in educational inequalities in
mortality in the Baltic countries.
In summary, despite substantial progress in reducing
overall mortality rates in both urban and rural areas in
all countries, low educated men and women in rural
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areas in the Baltic countries are becoming increasingly
disadvantaged in terms of their mortality reduction. Al-
though policies targeting socioeconomic deprivation in
rural areas may also help to diminish educational in-
equalities in mortality, more research is warranted to
elucidate the specific mechanisms underlying the health
disadvantage of lower socioeconomic groups in rural
areas.
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